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Vertical Spin Motion in Circular 'R'mj ot Concellution
| of 3-—2 ‘Prcczssivw A Lexomdar 3 Lem o

. Perfect Cancellation of 9-2 Precession

Verticof Spin motion in the cireular ik becomes s«'mpler when
a g-2 precession is cancelled (ocally ot on the average. Whes
the cancellation of 9-1 precession is perfect | the angle betoeen
projed:tous of spin sud momtnbun outo the horczontel plane is

f‘:\vartaﬂ&. Electric aud woguetic fields have sowe Local distor-
““SL

_ E :__Ea*AE B:=B,+aB
E, and B, - ':0(?—‘!(/ '("'CHS withoet dész‘orfc'ous _
F‘ Po+ AF P, -”nu‘,ic” momentum B;- Bo'éz_

The correckions are re(«h’veé}/ smeall
|aE/ el 41, |aB/B| <<, |ap/po|4<1.

D this case there (s not my {mdamenful Jc'#crcuce hfween
be twkt and saucer distortions. Both Aistortions are affec-
ted by the same field compouests, Browd E,. They correc-
poud o dffernt parts of the same -hlted +m)ec‘hry.

(F]M Faregy ) Muon EDM Mote #2!{.)
we can f_qke tnto nc_gouff the M“Xl”e” eguations
PEAL=0, B dl=4nl  Jl:2nrezdp,
Jhere I cs The current Poessing Lhroush the parficle oréit .
aﬂen I:O , | | |
¢E¢J¢:0 , ?3’,.[% =0 .
<E¢>=o , 43,,>=0'
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- Vertieal Spin olt’sp(aceu;e;d' ;
452 :(JLXE);_JH’: (ﬂrfp “’ﬂpfr)'Af
N - un;u(ar vclociff of Spin precession
| spix ¢s frosen _
L4g,>= (<Qr> 56 -(ﬂp) gr) . at
301’7:"“» - Michel - Tgfcrli equalion :

5, B

z%mib—u-,é)\zx;; L (55)(FB)s

l(,—z +-£§’x(f{xi5) | |

" [+

ug”e fea{-+ the Sfc'n yrece,ssc'an én Che /wrdérhM fﬁme.

In ::Ze vertical plane:

_ _ 2 = (cm

=~ {(3'2*%?@‘_' frog PuBB)t
(92475 )Exp), §

H (s /oossi ‘ (c fo ue:eca‘ Pfoalucfs 'f '&To or 'ﬂlrec
sma(f Wk‘fiﬂes_ In the approx me tion
Bﬁ/ E, ) P2 are swall

PP E)(pstes rsg)pes , (E47), - (£ p o2,
F‘Z': < (Ei+#(Pxé)i):'C(Ei*;!;ABrPo)

Er = AE, puri'c‘cfe moves CC W/ A=1 £,>0

harticle moves CW  )=-t

The avem;e Loneu‘l'i -force IS 22 ! <Fe>=0 .
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Br=dL2<Es- 3<E>

/4#2/’ averajt'n},

(o220,  <pfp)=0, LExp)r=-)EppT,

<B,>= ’-;-<E,_>z,. .

Fl‘“@f -FW" nk&; 1 khm)’n:

<ﬁ1>"‘[ﬁz‘.‘;<ea>zr or  <f)>= %KEQ‘ .

The vurtind E-Lild and the il distortions Gad 1o he
same effect. Wokm, The, Syslematical Wi‘z depends n«%
o Wc:‘cg/“wfz E-~feeld This & « ’/zea‘/'tu(ww.ﬁa}g of
e concellatio of_g-0 precessirn (oal?_/ bt 4 on the

erage . o T

%MWM%V&WS'WZLM '
i on uuwell #o
verlical electric feeld wed e /;,QM. 7
A’h,u_(‘tr‘ Vt&w'fy g
JLEDM = - —;—Z— (E'I-FX—B-)

—

sz=—$;3a[53x5,z,=-§gg; £z, et

The effeckve o factor equals - (y*-1)
- _.!LL_Z - la@; 9 - CEz)

le Regul 1P £ E
ﬂ:he effectiye. EOM: (ronrelactivistic sppoach )
ftpr + dxE fizpg , d: 13 | <5>28F
'g - ~
%= 45) + 468)
M2 22e. od = .’LS_.C.. .



- 32~

for muons (s=Yo) anol dewterons (s=1):
| | )
@((/‘ :llel.:?-fD " ¢.cm 714/56
ag’“’: n x 5.3-107" e-cm Sa"h«.l
For 0.5 CeV/c; Piong,
a: {.159x10>  p:098, d :11-f0"ecmXb,
For 0.9 CeV/fe dewterons
a=-0.143 f=0.21 , ’lE = ?—.LX’ID-’SCM x O .
When @E ={x 10’5' (10’7' Mf'"()
‘{E 2 1.4% 00" e .cim -fvr paeons

‘(5 = 72..2X/0-Z°e.cm -for J&ferons -
The Wse sigrel ¢s /W}e. Tt nwnk Se

mccﬁo( or WSLU‘L'{.
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2 Im/oe r{ect‘ Cancellation 01‘ 09-2 Precession

For P.,-f.“c(g, w.:ﬂ, dfferent enetgies ane momentw the can-
cellotivn of 9-2 /orcﬁn caemw!a‘ le /un{e::f. ’
/”ar& jmme {brhﬁeﬁ J

B {52 75 o Ortentss -
| 7,—"(9-2+7;7)(E1P,Z,.+ E,P;if)} |
The slow §-2 precession couuses we Ofpanmce, o & small
FQ‘:'GL cmupol\cu{- 4 po{qn'%ufion vecvor.
e, e
fr" ﬂﬂfs =% Rl't | .g# ~ g_;)'-'ﬂ '
_{{ the EDM (s taken into wnszhm‘l’\‘on,

R -~ > = _A — |
LT 2m {Hz <Eer + T B/c, - “ﬁmﬂ XPg Byey +7/\(E°+FB°)E,.}
Two Causes 4 a ronzero velue °1’ <P;_'l=> :
1) cobdlent &foltron oscillation — poteh
ite
P%(P)I POO,S' )oosé‘-)r‘(; +fr) | Pi‘&‘c% Ifn@ﬂ'?d[

2) field destortions — Seewcer
(s?

Pz NFo@ / Pg)({*”T‘):P\;)&): ":11113/"' -
wore. compliaded dependence cyclotron peraod

[he ev«fn{ivns:

(()___e (] * Ty ) -43 l>
4,7 = zﬁnz;;’ojs,uf ~ N,8¢, - 5»:

A{f)N azxgtz_fzh)cjzz BVch‘)f
2 ° /
P

Ay’ ~ az(yi-1) 1,0t

O > saucer Astortion
anj(e'

/
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- False si’mfzs ozg:e;) | orders 2.6 P
| b3é ‘ )
(/20 3‘%‘;’.‘“ ) s~ EALJZ— ) Za"’;f.%; ’
Far 05@4’/& muons ) 'H\ﬂ carrec’wml 'bofke efrrors Ofv
mexsurement 4 EOM

| —16 (pted) )
P ()P V4 S “)Q )
dp ~ 70-”@&‘/» X -‘%L-
c
For 0.4 ¢ev/ waeronsh |
-16 g (piteh) _

~ 401 R0
dgn 107 g cm x 222

Usually the pitch auabe i rebatonely {arge
o ’9,,(" .-:;;i} 0, 9,(';£3>>9 !
N, s small as comfinsen with the wecgular va&dfy
vf 42 precession:
[, 4< [) oz ayw.
When SL:N 10° xzjz -Lf’ ;o’zxa,xdc 9:}"'“): Ix 173
l-)r?(, tmcl I , 7
the false sc‘?naf &8 o{; order £
70’2“ €. .Cm -ﬁor Mmudnsg
10-“e-a.. for Aeuterons
Sawm'ay over all detectors wmbe L Mga’f@ ‘o
decrease M € sigual Msﬁ:@ragg.
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3 Vertieal Spin Motion for Particles Polar:zed
| Redio bly

Polarizoction veetor s collonoar to the radial axis

—_— ‘Hre EMM St}’hﬂ,@ Vanishes |

— the false sigual due to vertical E-fiell vanishes

— the folse sigual due Yo rudiod B-foeldl vonishes

777@!‘@#01‘@/ e Lean WZ&'&"{ Mw(% cose e Useo
in nder o calchrate detectore. However Ot
ju penfeet concellation of g-2 precesscon cuuses
«%w@% M that- Ce W"azﬁl/eg W

Tkl P/ztc'c& /«p&réeul‘[o—n' & radiel . Precessers.
WWeth we w velocs -/?i— Gends Lo ra wlance.
i longl fudinal /m}t&i%’{y}«o lourozotin. . W“’

3221 3y 2ottt
\/eﬂ‘(cq( Spen ;:o‘fc'oh !
45, :0,57 | 0 ()14~ <Ny>517t
Albr averct,iu,o, { g3 0.
 The fhtearuf 53 lle.'l‘ctmiue'( ‘f} The @Aeed‘we‘/"'@”"'{ Br)
Lhat o Wy, sSum 4 Poee, Stmbeocnds
B,.:<B,.>+ Bf.P)+ B,fs)

The Wﬁty B iy detvnmenee Gj the pileh auel hocve

Hu. SinuSoclal W - |




vﬂ“‘l‘“‘* 8”& Aeteruned by the ctorly
Ths pervod ?c;uds T . % B sowcar distortion.
A5 & result , 5 greh) |
Np=- s Key - £ (e P e (ot em) B
The vertical coherest betectron oseillatuvon s a pn%a}ad
source of systeseticnl errors  olthounh $vth the

vartical E- Ll ased Ghe Seccoer diStorfion cas cause
systematical errors the Sene order.

Vertical spin ﬁsy(aw

a5y ~ 00"t
False sir.a.gm““
1™ By
| | okeh
For 0.5 CeVfe muons o~ 107 e.cm x D'?_Eo(f )

e Gubeh)
For 0.4 GeV/e devterons A~ 107" ¢.cue ﬂigo

When Lo~ 107xfly, ~ 107 xap PR g
{hlw&eci,mﬁéxa{rzdero[

~10 4 e-cm  for muons

~ 1077 ¢-cm for Aewterons

Here vilues are Too lazge.

1) Span pucession in The horcsontol jlane con be sl‘rwyﬁ
restricted .
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0) Therg s The ,ooo( J@a fo dehct this s%tcmui'kd error.
The ertor can $¢ inerensed of least 10 Gimes by incresnng

the value o SL,. Such n false siM can B¢ nessured . Since
the olependance f{. a verticod spin displxcemert m Ly o

Uinear, the Syslemutical error corresponding to smoller J0,
can Lo delirmined .
TIIGFC-{OT¢, use 0( Llean ’An’iy( raal&l(y 'éocuum‘b.
detectors s pom“e : | '
4 Disgusscon
The corrections cacesed 4y the Onperfeet coucellation.
3-2 preassion are cmpmratively swell. The fabse Sipral
(s affected b the average Vﬂziaxﬂ ehetrie fiell. we sep -
Jose that He wadn magielic feld B, | depesds on «
?.,lu(.f,t posticles, aud the wain elestric Lield , B
el |
 Whea we sexrcd for the Eﬂﬂ/fk riky m#,&r,«f—
radius mod Curger B, is betler.
Wheee we neasere the avernge vertieald a!u:ﬁ't'eﬁ%l/
72( uaa:{«):tm’f B %ﬁfkv{ t;':ﬁh e arolher partich
Othy . ny s Sekee. ég,,e"t 4,,,(,/
e X Cpoaiain For",barz‘c'c &s/ aa‘u{ i “
I s
the Lollowrin reloation s morg comveniest :

. et fiwtn - Mrekm . pret A
. Zes Zsmy, Zs ’

VAL The mecloar ):M;Jufon |
Mre€ 15 & maguelic morert tn ruelear Au?au),‘us
Z Lhe atomce wwmfber '

A s the nass numter

For muelei ,
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Whn r=Fflm , E:2MV/m |, W obain:

i}-{or MYUONS P=0.93, r=4-94, $2,22.38x10° rad/5 x0¢ ;
ii) for dewterons p=020¢ y=1.02,J1 =~12 Fx10°red/s % O ;

iii) for protons p=0.451," y=1.01, R,* 15 %105 rad /s %O
iv) for Li p=0480, y=1.02 ft =-14.1x10°rad/s x O .

The systemotiond ewno2 is |
5.3 ypuater for the dewteron than for the hectOh ;
43.6 times greater for the proton than for the muon;

9.1 times greater for the proton then for the deuteron.

Ik the comscolered conlc'ﬂ'wrs the ,bﬂfok Mopcertiein s
Po=0.14 CeVye , the mamgretic fiell is B=0023T,

the ratio of electric mnd mu;hcfc'c forees (s Eq,/ﬁB,)-‘-f-ﬂ.
Due o Gee sln&” ,brofoh reosneestlone : CBO are {ess.
| 5 Conclusions

). When the 9.2 precession is cancellid Locatly, U lhe
erpelinentel @zmw@z’us h wet'loors belonce
smilar to Ghe well—beown error’ casaed by The verteal
electric {&&(

2. This ennor ot M;C.ZZ; p2ar Yo measeere t | e
» fom c::‘ afa_cb%d—‘ v L RCL LI

3. The ¢ 703 -2 : Vel
aMﬁZ ol that o4 cih&r% ég/‘
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Vert|cd£__§’)in Motion tnh & Riu3 with son- local
9-2 Cancellation

The electric and Wuﬁc {w&ls can & poscontinious. .
If thare s several separated modiles of electric ounsl
mu.?uh)c -Fa'dcls , each meodule occpies « sertein
cireular sector. Whey a dicld sirechivn is 4,
from the vertical , we gl the field Listortivs. .

let the B-field r extends on the 2.
The axis x and Y ar:}‘?aruf(c( sl orﬂ-g% z‘f the
cirewlar ector fusectrin , respectively . The initial
un,le. Adetween -the momentun. direition sl the axds
X equals ‘f’%"?' The inctinl mugle bctween the tpch
Urection wnd the axis x , ¥, s aréctrary. L this
case the augh fetveen the momentiin ead Spin d?‘ect'zbns)

L, s oLso M&"‘I‘&-Qj

,4=r.«(=r+,¢-—)2';

K
£o££0m0 RN

Let us conscder the | Socel” corfeeyons.
O — saucer slistortion augle
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For the partide flying into the magaehic féeld
Pe’s post, Py psoup, piepOessy,

;x(l.': m\r, s‘v(f):«'nr, é’):_ emr’ Pﬂ'h"’ A1
For the particle flying ouf from the magactic 7&(4/ ,

Pm="' cos l°w= #th ()2 _ pQkcos :
"u) P 7, g )f r/ P /b 7/ pﬂck‘f‘ A_g_
W7k o (faR), 54 alpen), 555 Gunlpem,)
Tz L(1+ap)p . | 7

_77¢¢ ¢r‘l'¢'cd (nﬂ { “ y 3
e’«afsvz . (:P &Sﬁ& st ¢ the u?_ufm frelA

a8y = 37~ 5! =-.Z9$¢L(¢Plf+ar))w(¢.+¢ar)-,

Ln the points A end A, the verhial prejection oL
T /Mrl'"'cfz momentum mb’gs 9«;:;&5 at o Small
distance (@ Kick occurg) . | |

Afaluv);('f-l-a()f/, , ’-‘_/l:;a
At the point 4 ‘ | |
M the Z‘ y . ST POl et ¢

» 2 pAp @)
£ (1)) 0 cas (peng (14
* s (< 2fup )

The Suu«wj kick correction
Afem 22 (1+ray) @ sy B s

Tha ¢ y a
re W{Z“‘l:“o: : for He vertest Spen displacempnt per particle
Stem )

e = 20cm(L+pay) [aptia § eos(Pay)— cos griilpay)]
Approx ] »a‘/?(_y y

Af%(u“": 20arm(.(+¢ar)(a‘..¢ — s ¢) .



When pis small | A58~ [

A anadopsus depesdlence Yukes place for Yhe Guvst Aistor-
Fiop . |

8%, = 28 4n (P(140])) +0i (L + gAY)

Approximately,
Afp = 20 4inf 4 (L4 gay)
D L5 the twist Aéstortion M’lc -

‘nurz(orc, non- boeal cuufez‘m of ,—2 ,raussdm
gove additonnl syclemstionl errors T all /“"’*4'4'9
these errors cennot be corrected oilh « 7
[utrﬁclcs . Local comcellation of §-2 precession €s more
preferafle.



